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(57) Abstract 

Experiments were performed to test for a set of SSCP conditions that would detect virtually all mutations in a nucleic acid being 
analyzed. The effects of buffer, gel matrix, temperature, and additive were all tested. Dideoxy fingerprinting was used as a tool to generate 
a large statistical sample (about 1.500) of mutation-containing single-stranded segments in oixier to evaluate adequately the sensitivity 
under a given condition. Mutations in exons H and B/C of the factor IX gene were utilized. SSCP sensitivity, as convwiiently measured 
by the average SSCP efficiency, varied with conditions. Correlation coefficients (R) identified pairs of conditions that were either close to 
mdependent or complementary. Five conditions were selected with sufficient redundancy to detect all the mutations in the set tested. The 
sensitivity of multi-conditional SSCP (SSCP5) was determined by blinded analyses on samples containing mutations in all the eight exon 
regions in the factor IX gene. All of the 84 single-base substitutions were detected in the blinded. 90% of these mutations were detected 
by more than one condition. SSCP5 is estimated to be five times faster than fluorescent DNA sequencing for the defection of virtually all 
mutations when the five conditions are applied. 
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TnXE QF THFr TNVENTIQN 

MULTI-CONDinONAL SSCP (SSCP5): A RAPID METHOD FOR MUTATION SCANNING 
WITH VIRTUALLY 100% SENSITIVITY 

B ACKGROU Nn OF THE INVENTION 

Single-strand conformation polymoiphism (SSCP) is the most widely used method for 
mutation scanning. With SSCP, single-base sequence changes can be detected by altered 
electrophoretic migration of one or both single strands on a non-denaturing gel. SSCP does not 
detect all sequence changes with one electrophoresis condition and its sensitivity is a complex 
function of sequence context and size (Glavac and Dean, 1993; Hayashi and Yandell, 1993; 
Hongyo et al., 1993; Liu and Sommer, 1994; Michaud et aL, 1992; Sarkar et al„ 1992a; Sarkar 
et al. 1992b; Sheffield et al., 1993; Takahashi-Fujii et al., 1993). 

Previous work suggested that the idiosyncratic nature of SSCP sensitivity is a function 
of both the distribution of mobility of single-base changes and the mobility of the wild type 
sequences relative to that of all single-base changes and the mobility of the wild type sequences 
relative to that of all single-base changes (see Figure 1). For a 200 bp segment, there are 600 
possible variants that differ by a single-base substitution. If it were possible to generate all 600 
possible variants and to plot the mobility in units of band widths, it is apparent that the sensitivity 
of SSCP will be less for a segment in which the mobility of the wild type sequence is close to 
the mode (see Figure 1 A). If the variance of mobility is wider (Figure IB), SSCP sensitivity, on 
average, will be higher than with the first condition. However, this is not necessarily so, because 
the location of the wild type sequence within the distribution is also critical. 

At least two ways to increase the sensitivity of SSCP have been described. In one 
approach, SSCP is hybridized with another method in order to generate the redundancy of 
mutation-containing segments necessary to detect virtually all mutations. For example, in 
dideoxy fingerprinting (ddF), SSCP is combined with Sanger dideoxy sequencing (Lin and 
Sommer, 1994; Sarkar et al., 1992b). SSCP can also be combined with restriction endonuclease 
fingerprinting (REF) (Liu and Sommer, 1995) and with bi-directional dideoxy fingerprinting (bi- 
ddF) (Liu et al., 1996). A Sanger dideoxy temiination reaction is performed with one dideoxy 
temiinator. The terminated single-stranded segments are electrophoresed through a non- 
dmaturing gel. The ladder of segments subsequent to the mutation contain the same mutation 
with different 3' ends. In a second approach, SSCP is performed under two or more conditions. 
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Typically, two temperatures are utilized, and occasionally, two temperatures with and without 
glycerol (Glavac and Dean, 1993; Liu and Sommer, 1994). 

Recently, we reported that the pattern of SSCP shifts varied markedly when HEPES was 
added to standard TBE buffer (Liu and Sommer, 1998). The coirelation coefficient (R) between 
these two conditions was 0.46. These results hint that sugar/base and sugar/sugar interactions 
are more important than secondary structure, which should not be much affected by the addition 
ofHEPES. 

Herein, we report a detailed analysis of gel matrix, running buffer, temperature, and 
additive to search for a set of sensitive and complementary electiophoretic conditions for SSCP 
analysis. ddF was utiUzed in order to provide a very large sample of mutation-containing 
segments for analysis. From the data, five conditions were chosen and SSCP, analysis was 
performed with 100% sensitivity in two blinded analyses. 

The pubUcations and other materials used herein to illuminate the background of the 
invention or provide additional details respecting the practice, are incorporated by reference, and 
for convenience are respectively grouped in the appended List of References. 



f^^TTyfMAPVOFTHE 

Experiments were performed to test for a set of SSCP conditions that would detect 
virtually all mutations in a nucleic acid being analyzed. The effects of buffer, gel matrix, 
temperature, and additive were all tested. Dideoxy fingerprinting was used as a tool to generate 
a large statistical sample (about 1,500) of mutation-containing single-stranded segments in order 
to evaluate adequately the sensitivity under a given condition. Mutations in exons H and B/C 
of the fector IX gene were utilized. SSCP sensitivity, as convenienUy measured by the average 
SSCP efficiency, varied with conditions. Correlation coefficients (R) identified pairs of 
conditions that were either close to indq>endent or complementary. Five conditions were 
selected with sufficient redundancy to detect all the mutations in the set tested. The sensitivity 
of multi-conditional SSCP (SSCP5) was determined by blinded analyses on samples containing 
mutations in all the eight exon regions in the factor DC gene. 2.5 kb of factor DC gene sequence 
were scanned in one lane by 15 PCR-ampUfied segments (125 kb of sequence scanned per gel). 
All of the 84 single-base substitutions were detected in the blinded analyses, the first consisting 
of 50 hemizygous mutant and wild type samples and the second consisting of 50 heterozygous 
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mutant and wild type samples. 90% of these mutations were detected by more than one 
condition. SSCP5 is estimated to be five times faster than fluorescent DNA sequencing for the 
detection of virtually all mutations when the five conditions are apphed. 

BRIEF PESCRIPTION QF THE FIGURES 

Figures 1 A-B are schematics of the principle of SSCP sensitivity. The X-axis represents 
segment mobility in units of band thicknesses fit>m the average of mobilities. The mobility of 
two segments can be distinguished if they differ by a thickness of more than one-half of a band. 
The Y-axis shows the relative fi^uencies of segments at a given mobility. The mobility of two 
hypothetical wild type sequences are indicated by A' and B\ respectively. 

Figures 2A-C. Figures 2A-B show the results of ddF in exon H of the factor IX gene 
using two dififerent buffers. Figure 2A shows the results of ddF performed on 29 patients with 
hemophilia B and a wild type sequence (Lane C). The conditions used were PAGE/TRI/20*'C. 
It should be noted that RT in the figures means room temperature which was 20°C. Figure 2B 
is the same as for Figure 2A except that the conditions used were PAGE/CAP/20*'C. For both 
2A and 2B, the location of segments of specific size was detemiined by the absence of a normal 
band or the presence of additional bands which occurred in about half of the mutations 
(infomiative dideoxy component). These bands facilitated the analysis of the gel by finding the 
mobility of segments of certain defined sizes. For both figures 2 A and 2B lanes marked C are 
a wild type DNA and lanes 1-29 are mutant samples from patients with hemophilia B. The 
efiBciency of the SSCP component is indicated on the gel top for each mutation analyzed. Figure 
2C is a mapplot showing the correlation of the SSCP efficiency between two conditions in exon 
Hoftfae factor IX gene. Twenty-four mutations in exon H were analyzed. The X-axis represents 
the efficiency of the SSCP component (%) for a specific mutation under the condition of 
PAGE/TRI/20''C. The Y-axis rqnesents the conesponding efficiency (%) for the same mutation 
under the condition of PAGE/CAP/20''C. For each mutation, the efficiency is the ratio of the 
number of shifted mutation-containing segments to all the mutation-containing segments in 
SSCP component. 

Figure 3 shows the results of a blinded analysis of SSCP5. The samples were analyzed 
for the factor DC gene with PAGE/TRI/20 ''C. Lane C is a wild type sample and lanes 1 -50 are 
blinded samples containing heterozygous mutations. 
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PFTAn PF^^^TPTTON OF THF TNVENTIQN 

Experiments were performed to search for sensitive and complementary conditions for 
perfomiing SSCP which will detect a greater number of mutations than is seen when standard 
SSCP methods are utilized. ddF gels were utilized to efficiently explore the SSCP sensitivity of 
5 different conditions. ExonsH and B/Cofthe factor DC gene were studied. For a given mutation, 
the efficiency of the SSCP component is the percentage of mutation^ntaining segments which 
axe shifted. The segments of the SSCP components of up to 300 bases were scored. The number 
of the mutation-containing segments varied ftom 1-46, depending on the location of the 
mutation. Theefficiency of the SSCP component was utilized asameasure of the likelihood that 

10 a given mutation would show a detectable shift in mobility under a given condition. For the few 
samples in which the number of mutation-containing segments was low (fewer than 13), the 
results wer« generaUy similar when the analysis was extended to include segments up to 350 
nucleotides. 

To explain efficiency more fidly, a hypothetical example is presented. On average, a 
15 nucleic acid of 300 bases or more wiU show 300/4 or 75 segments in a single sequencing lane 
using a single labeled nucleotide when looking only at the first 300 bases. For this hypothetical 
example, assume that there are 75 bands or segments and further assume that the nucleic acid has 
a mutation at base 22 which is in the 6th segment ftom the bottom of the gel. In such an instance 
segments 1-5 are fiiUy wild type and segments 6-75 (a total of 70 segments) will include the 
20 mutation. If it is seen that 56 of the segments are shifted, then the efficiency is calculated as 
(56/70K100)=80%. If instead the mutation is not at base 22 but rather at base 242 which is in 
the 61st segment, then the mutation will be present in only segments 61-75 (a total of 15 
segments). If it is seen diat 9 of these segments an. shifted, then the efficiency is (9/15)(100) - 
60%. 

25 The present invention is fiirther detailed in the following Examples, which are offered by 

way of illustration and are not intended to limit the invention in any mamier. Standard 
techniques well known in the art or the techniques specifically described below are utilized. 
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Example 1 
ddF in Two Regions 

A 785 bp region of exons B/C of the factor IX gene was amplified with primers 
F9(6094)-30D and F9(6878)-27U and a 1 kb region of exon H of the factor IX gene was 
anq3lified with primers F9(30646)-34D and F9(31645>31U. Primers are named as described in 
Yoshitake et al. (1985). For example, F9(6094)-30D is an oligonucleotide in which the 5* end 
begins at basepair 6094, the length is 30 bases, and the orientation is downstream (D), i.e., in the 
direction of transcription. The precise sizes and locations of the amplified segments and the 
dideoxy temiination segments can be obtained fit>m the informative names. The nucleotide 
sequence of the gene for human factor IX (anti-hemophilic factor B) is foimd in Yoshitake et al. 
(1985). PGR was performed at 94*'C for 15 seconds, 55*^0 for 30 seconds, and 72°C for three 
minutes for 30 cycles. The PGR mixture contained a total volume of 50 jiL of 50 mM KGl, 10 
mM Tris/HGl, pH 8.3, 1.5 mM MgGlz, 200 pM of each dNTP, 0.1 ^iM of each primer, 1 unit of 
Tag (BMM), and 500 ng of genomic DNA. 

ddF reaction was performed with Themio Sequenase radiolabeled terminator cycle 
sequencing kit (Amersham Life Science). The sequencing mixture contained a total volume of 
7 fiL of 16.7 mM Tris/HGl, pH 9.5, 4.2 mM MgGlj, 2.1 jiM of each dNTP, 0.021 ^M of [a- 
^]ddCTP or [a-^]ddGTP (1500 Gi/mmol, 450 Gi/mL), 1.8 units of Themio Sequenase DNA 
polymerase, 200 ng of purified PGR product and 0.1 ^iM of sequencing primer F9(6272)-22D 
for exons B/G or F9(30851)-19D for exon H. Denaturation was at 95 ''C for 15 seconds, 
annealing was at 55 °G for 30 seconds and elongation was at 72 ^'C for one minute for a total of 
30 cycles. 15 ^L of stop/loading buffer (50% formamide, 7 M urea, 2 mM EDTA, 0.05% 
bromophenol and 0.05% xylene cyanol) was added to each tube. 

29 mutations in exon H of the factor DC gene were utilized. The sample numbers and 
associated mutations coite^ond to the lane numbers for Figures 2A and 2B. The mutations are 
numbered as described in Yoshitake et al. (1985). For example, the mutation named G30875T 
is a G to T mutation at nucleotide 30875 as numbered in the Yoshitake et al. (1985) reference. 
The lane numbers and mutations follow. 1 : G30875T; 2: A30897G; 3: 30905 AG; 4: 30918 AA; 
5: A30918G; 6: G30928A; 7: A30929T; 8: T30930G; 9: G30935T; 10: T30936G; 11: T30945G; 
12: G30950T; 13: 30969 AGG; 14: A30972G; 15: G30992A; 16: G31001T; 17: G31008T; 18: 
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G31029A; 19: T31039A; 20: T31041C; 21: G31047A; 22: G31052A; 23: C31077A; 24: 
C31091T;'25: C31118T; 26: T31127A; 27: C31140G; 28: T3112G; 29: G31203T. 

ddF gels were perfonned under two conditions - PAGEAra/20X and PAGE/CAP/20''C 
(see Figures 2A and 2B). For exon H, the average SSCP efficiencies for the 24 substitutions 
analyzed were 91% and 72% for the two conditions, respectively. The efficiencies for individual 
mutations varied with the conditions; i.e.. the efficiency for sample 6 was 98% and 7%, 
respectively, and the efficiency for sample 13 was 100% and 3%, respectively. Of the 24 
samples with single-base substitutions, 4% and 25% had efficiencies of less than 20%; 1 7% and 
25% had efficiencies from 21%-80%; and 79% and 50% had efficiencies greater than 81% 
(shown in Figures 2A and 2B, respectively). The efficiencies under the two conditions for each 
mutation in exon H were plotted (Figure 2C) and were poorly correlated (correlation coefficient 
= 0.39 and the 99% confidence interval overlaps with zero). Correlation coefficients are 
determined by calculating the efficiency of the SSCP component for each mutation under a first 
set of conditions and then calculating the efficiency under a second set of conditions and then 
correlating these using Microsoft Excel 97 software. 

Seventeen selected single-base substitutions in exon H and 16 selected single-base 
substitutions in exons B/C were chosen for fiirther testing, because the efficiency of the SSCP 
component under standard conditions is low in exon B/C but is high in exon H. A variety of 
electtophoretic conditions were tested, which include gel matrices of MDE, HRIOOO, PAGE^^ 
and Dcode-™; running buffers of TBE (pH 8.3), CAP which is a high pH buffer (pH 9.6) and TRI 
which is a medium pH buffer (pH 7.9); additives of glycerol, urea, Resolver Gold™ and PEG; 
and temperatures at 20''C and 8°C. Under each condition, the efficiency of the SSCP component 
was scored for each mutation and for each region. 

The average efficiency of the SSCP component for the 17 mutations from exon H and the 
16 mutations from exon B/C was utilized to estimate the overall sensitivity of seven sets of 
conditions (Table 1). The averages are derived from analysis of about 1,500 mutation-containing 
segments. The average efficiencies varied with the regions analyzed and the conditions. 
Correlation coefficients (R) also varied with the regions analyzed and the conditions (Table 2). 
Tlie efects of changing only buffer (1X2 (condition 1 compared with condition 2) and 4X5), of 
only temperature (2X3). of only matrix (2X4), of both temperature and glycerol (5X7) and of 
both buffer and glycerol (6X7), are among the changes that can be assessed in Table 2. Some 
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Table 1 

Average Efficiency of the SSCP Component 







Average SSCP efficiency' (%) 


under each condition 




Genomic 


1 


2 


3 


4 


5 


6 


7 


region'* 


PAGE 


PAGE 


PAGE 


HR 


HR 


HR 


HR 




TRI 


CAP 


CAP 


CAP 


THE 


TRI 


TBE 






20°C 


8"C 


20°C 


20°C 


8°C 


8°C 








a) 






(V) 


GlyOI) 


ExonH 


89 


61 


93 


51 


78 


90 


75 


Exons B/C 


59 


44 


87 


57 


62 


89 


91 



^Approximately 1 ,500 segments with mutated sequence were analyzed under each condition. Per 
sample, the number of mutated segments ranged from 1 -46 segments. 

There are 17 substitution mutations in exon H and 16 substitution mutations in exons B/C, 
which are selected due to low efBciency of the SSCP component. 

^ PAGE = 10% PAGE^*"^ gel, HR = 1 0% HRIOOO gel. TRI = 30 mM Triethanolamine/Tricine 
buffer (pH 7.9), CAP = 30 mM Ethanolamine/CAPSO (pH 9.6), TBE = 50 mM Tris/Boric acid 
(pH 8:3). Gly = 2.5% Glycerol. 

^The boldface electrophoresis conditions are those selected for the blinded analysis of the factor 
DC gene. Condition IV is not shown because it was tested in subsequent experiments. 
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Table 2 

The Correlation Coefficient (R) of the Efficiencies of SSCP 
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a) 














4 


HR 
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0.45/ 
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0.60 


0.39/ 
-0.15 


X 








5 


HR 

TBE 
20''C 


0.43/ 
0.62 


0.69/ 
0.77 


0.60/ 
0.33 


0.63/ 
0.74 


X 






6 


HR 
TRI 

S°C 
(V) 


0.26/ 
-0.35 


0.53/ 
-0.16 


0.34/ 
0.74 


0.42/ 
-0.06 


0.76/ 
0.04 


X 




7 


HR 

g^C 
ijiy 

OD 


0.33/ 
0.35 


0.34/ 
0.19 


0.27/ 
-0.25 


0.52/ 
0.19 


0.28/ 
-0.34 


-0.14/ 

-0.27 








PAGE 
TRI 

(HI) 


PAGE 

CAP 

20°C 


PAGE 
CAP 
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a) 


HR 

CAP 
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HR 

TBE 

20°C 


HR 

TRI 
8°C 
(V) 








1 


2 


3 


4 


5 


6 








Electrophoresis condition 



-There are 17 substitution mutations in exon HTand 16 substitution mutation in exons B/C under 
each electrophoresis condition. . , . , • 

•The boldcase electrophoresis conditions are finally selected for the blmded analysis. 
cr is indicated in order of exon H/exons B/C. 
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of the correlation coefiBcients were negative, implying that given samples of low efiFiciency under 
one condition were preferentially of higher efficiency under the second condition. Glycerol and 
temperature seemed to be the factors that produced the greatest changes in mobility pattem. 

Five conditions for SSCP were selected after analysis of 22 conditions (not all data 
shown). These five conditions were judged to provide sufficient redundancy to detect virtually 
all sequence changes. Four of these five conditions are shown in Tables 1 and 2 (see bold&ce 
conditions). These conditions were selected as having both reasonably high average SSCP 
efficiencies (Table 1) and low correlations or negative correlations for both exons H and B/C. 

Example 2 
Pliinided Affftlysiis Qf SSCP5 
The five selected conditions were tested by a blinded analysis in which the eight exons 
and associated splice junctions of the factor DC gene were scaimed in one lane (Table 3A). 
Blinded analysis was performed with 100 samples, including 50 samples with an unknown 
number of hemizygous mutations in the factor IX gene, and SO samples with an unknown number 
of heterozygous mutations in the factor DC gene. The eight exons and their splice sites were 
amplified by 15 pairs of primers: in exon A: F9(-121)-20D and F9(49)-20U, and F9(9)-20D and 
F9(157).21U; in exons B/C: F9(6242)-22D and F9(6536)-21U, F9(6476)-21D and F9(6736)- 
23U, and F9(6242)-22D and F9(6736)-23U; in exon D: F9(10299)-20D and F9(10537)-22U; 
in exon E: F9(l 7633)-22D and F9(l 7843>23U; in exon F: F9(203 1 5)-2 ID and F9(20457)-24U, 
F9(20392)-21D and F9(20648)-21U; in exon G: F9(2991)-22D and F9(30219)-23U; in exon H: 
F9(30746)-20D andF9(31026)-21U, F9(30969)-20D andF9(31167)-22U, F9(31079)-21D and 
F9(3 1305)-21U, F9(3 1262)-20D and F9(3 1429)-20U, F9(32637)-20D and F9(32827).20U. Each 
FCR was performed with 94 °C for 15 seconds, 55**C for 30 seconds, and 72**C for one minute 
for 30 cycles. The PGR was hot-started at 94 °C for ten minutes and ended with an additional 
ten minutes at 72**C. The PCR mixture contained a total volume of 5 of 50 mM KCl, 1 0 mM 
Tris/HCl, pH 8.3, 2.5 mM MgCli, 20 ^iM of dATP and 200 of each other dNTP, 0.6 ^iCi [a- 
^P]-dATP (Amersham Life Science, >2500 Ci/mmol, 10 mCi/mL), 0.4 fiM of each primer, 0.2 
units of Ta^Gold, 200 ng genomic DNA. The PCR reactions were mixed with a four-fold 
volume of the stop buffer. 
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Tables 

Summary of Blinded Analysis 
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PAGE 
CAP 
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HR 
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20''C 
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PAGE 
TBE 
20°C 
Gly(IV) 


HR 
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(V) 


Sensitivity* (%) 


79 


87 


65 


89 


65 





Observed sensitivity for all possible groups of condi 


tions" (%) 


2 joint conditions 
(10 sets) 


3 joint conditions 
(10 sets) 


4 joint conditions 
(5 sets) 


5 joint conditions 
(1 set) 


Best 

Group 


95 


100 


100 


100 


Worst 
Group 


85 


89 


94 


100 



K^. las (usixiuuuc 


The number of hits 


for a given i 


nutation 






0 


1 


2 


3 


4 


5 


Mutations (%) 


0 


10 


8 


8 


30 


44 



■The individual sensitivity was calculated under each set of conditions and we took each sense 
and antisense pair of segments as a unit for calculation of sensitivity. 

»The observed joint sensitivities (%) were calculated under two-, three-, four- and five-sets of 
conditions, which had ten, ten. five and one possible combinations, respectively. The best scores 
were obtained under two conditions of H and IV; under three conditions of H and IV and any of 
L m, and V: under four conditions of H and IV and any two of I, HI, and IV. The woret scores 
were obtained under two conditions of m and V; under three conditions of m and V and I; under 
four conditions of m and V and 1 and IV. 
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Fifteen PCR segments of the factor DC gene were amplified, ranging in size fiom 143-295 
nucleotides. In total, all 84 single-base substitutions throughout all the IS PCR segments were 
detected by SSCP5. In retrospect, all of the mutations could have been detected by a combination 
of the three best conditions (Table 3B). However, the idiosyncratic nature of SSCP dictates that 
one cannot predict, a priori, which combinations of conditions will be the best. There is 
5u£5cient redundancy, such that the worst combination of conditions required the five conditions. 
Almost 75% of the mutations were detected in at least four of the five conditions. Ten percent 
of the mutations were detected with only one of the five conditions (Table 3C). 

A prospective analysis was performed on the factor Vm gene in patients with hemophilia 
A. Forty-eight amplicons were amplified to cover the 26 exons and their spUcing sites, ranging 
in size ftom 140 to about 300 bp in length. These amplicons were divided into three groups of 
16 products per lane. Five electrophoresis conditions were chosen, as per the blinded analysis 
in the factor IX gene. Shifted segments relative to a wild type control were scored for each 
sample under each condition. Sequencing analysis was performed on segments containing 
putative mutations to confirm that the shifted segments each contain a mutation. Those without 
shifted segments under all five conditions were sequenced in their entirety to determine whether 
a mutation was missed. 

Eighty-nine patient samples were analyzed by multi-conditional SSCP and sequencing 
analysis (three samples were not analyzed due to large deletions). Mutations were found in 86 
of the 89 samples and they were scattered along the amplicons. Of the 3 samples for which a 
mutation was not found, one sample (1.1%) showed a shghtly shifted segment which was scored 
by the multi-conditional SSCP thereby resulting in a &lse positive. The absence of a mutation 
was confiimed by sequencing. The remaining two sanqiles showed no shifts in segments and no 
mutations were seen by sequence analysis. The finding of 86 of 86 mutations shows that the 
conditions used had 100% sensitivity. The one false positive and no false negatives show that 
the specificity was 99%. These results are shown in Table 4. 

More data are required to determine whether one or a few percent of mutations might be 
missed when SSCP5 is q^plied to other genes. However, past experience with ddp and restriction 
endonuclease fingerprinting (REF) (Liu and Sommer, 1995) and with the very large statistical 
sample size that underlies this analysis (1,500 mutation-containing segments per condition) 
suggest that the sensitivity of SSCP5 will be very high, perhaps 99% or greater. If only four 
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conditions had been utilized in the blinded analysis, the sensitivity would have decreased to 
100%, depending on which condition was dropped. 



Table 4 

Sununary of Prospective Analysis 







Multi-conditional SSC 


;p 






Shifted segment 


No shifted segment 


Sequencing analysis 


Mutation found 


86 


0 


No mutation found 


1 


2 



Example 3 
piftcfTophoresis 

Non-denaturing gels (45 cm x 37.5 cm x 0.4 mm) were electrophoresed by using a Poker 
Face SE 1500 sequencing apparatus at 12 W constant power or a Bio-Rad Sequi-Gen GT 
sequencing cell (50 cm x 38 cm x 0.4 mm) at 15 W constant power at 20'»C or at S^C. Gel 
matrices were selected from 10% MDE, 10% HRIOOO. 10% PAGE"'-, and 10% Dcode™. 
Running buffers were selected from 50 mM TBE (50 mM each of Trizma base and Boric acid, 
pH 8.3 at 25 °C), 30 mM CAP (30 mM each of Ethanolamine and CAPSO (3-[cyclohexylamino]- 
2-hydioxy-l-propanesulfonic acid), pH 9.6 at 25°C). and 30 mM TRI (30 mM each of 
Triethanolamine (2^',2"-nitrilotriethanol) andTiicine (N-tris[hydioxymethyl]methylglycine). pH 
7.9 at 25 °C). Additives were glycerol, urea, Resolver Gold™, and PEG. After a pre- 
electrophoresis for 30 minutes. 1.5 jiL of sample was loaded and electrophoresed for 6-1 6 hours. 
The gel was dried and autoradiographed with Kodak BioMax MR fihn. 

Example 4 
HrI Analysis 

On the ddF gel. an informative dideoxy component was easily detected by a missing 
segment or an extra segment. The mutation-containing segments showmg altered mobilities in 
the SSCP component were scored and compared with a wild type control. In the blinded 
analysis, 30 single-stranded segments (15 double-stranded PGR products), covering the eight 
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exons were scored by comparison with their neighbors. Unequivocal mobility changes were 
scored. Typically, a migration change of 1/2 band width on the upper part of the gel or 1/4 band 
width on the lower part was the limit of resolution. 

While the invention has been disclosed in this patent application by reference to the 
details of preferred embodiments of the invention, it is to be understood that the disclosure is 
intended in an illustrative rather than in a limiting soise, as it is contenq^lated that modifications 
will readily occur to those skilled in the art, within the spirit of the invention and the scope of the 
appended claims. 
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WHATTS rLATlVfEPTSr 

1 . A method for detennining a combination of sets of electrophoresis parameters which are 
useful in an SSCP analysis for maximizmg the nimiber of different mutations in a nucleic 
acid sample which can be detected using a combination of said sets of electrophoresis 
parameters wherein said SSCP analysis comprises running two or more gels using a 
different set of electrophoresis parameters with each gel wherein said method comprises 
performing SSCP analysis on said nucleic acid sample using multiple sets of 
electrophoresis parameters, calculating SSCP efficiencies, and calculating a correlation 
coefBcient of efficiencies, wherein useful combinations of sets of electrophoresis 
parameters are those having high average SSCP efiSciencies and low or negative 
correlation coefficients. 

2. The method of claim 1 wherein said parameters are selected firom the group consisting 
of gel matrix, running buffer, additive and temperature. 

3. The method of claim 2 wherein said gel matrix is selected fix>m the group consisting of 
PAGEP'»», MDE, HRIOOO and Dcode™. 

4. The method of claim 2 wherein said gel matrix is selected fi-om the group consisting of 
PAGEP*"^ and HRIOOO. 

5. The method of claim 2 wherein said running buffi^ is selected &om the groiq> consisting 
of TBE, CAP and TRI. 

6. The method of claim 2 wherein said additive is selected fix>m the group consisting of 
glycerol, urea, Resolver Gold™ and PEG. 

7. The method of claim 2 wherein said additive is glycerol. 

8. The method of claim 2 wherein said temperature is selected from the group consisting of 
8^Cand20^C. 
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9. The method of claim 1 wherein said SSCP analysis is perforaied in conjunction with ddF, 
bidirectional ddF, or REF. 

10. The method of claim 1 wherein a high average SSCP efficiency is an average efficiency 
greater than 50%. 

11. Tlie method of claim 1 wherein a high average SSCP efSciency is an average efficiency 
greater than 70%. 

12. The method of claim 1 wherein a high average SSCP efficiency is an average efficiency 
greater than 90%. 

13. The method of claim 1 wherein a low correlation coefficient is a value lower than 0.4. 

14. A method of analyzmg for mutations by performing multiconditional SSCP wherein 
SSCP is p«foimed using two or more sets of electrophoresis conditions. 

15. The method of claim 14 wherein said sets of electrophoresis conditions are selected fiiom 
the group consisting of: a) PAGE. TRI, 20''C; b) PAGE, CAP, 20-C; c) PAGE, CAP, 
8-C; d) HR, CAP, 20°C; e) HR, TBE, 20°C; f) HR, TRI, 8°C; g) HR, TBE, 8°C. 
glycerol; and h) PAGE, TBE, 20''C, glycerol. 

16. The method of claim 14 wherein said sets of electrophoresis conditions are selected from 
the group consisting of: a) PAGE. CAP, 8°C; b) HR, TBE, 8°C, glycerol; c) PAGE. 
TRI, 20°C; d) PAGE, TBE, 20''C, glycerol; and e) HR, TRI, 8''C. 

17. The method of claim 14 wherein said method comprises three sets of electrophoresis 
conditions. 



18. 



The method of claim 14 wherein said method comprises four sets of electrophoresis 
conditions. 
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19. The method of claim 14 wherein said method comprises five sets of electrophoresis 
conditions. 

20. The method of claim 14 wherein said mutations are in a gene for factor IX. 

21 . The method of claim 14 wherein said mutations are in a gene for factor Vm. 
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